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ENZYMOLOGY AND MECHANOCHEMISTRY OF TISSUES
AND CELLS

WQA.ENGEI.nHARDT (MOBOO')

The subject which it is intended to discuss hers may bde
rogarded as a particular cese of the bioclogiocal problem of
musckh wider scope, namely that of the role of enzymes as ino
tegral coemponents of elementary physiological mechanisms.
Crly ome aspect of this problem will be considersd here, that
of the enzymatic factors of the functiom of biolegicel motiw
lLity. At rirst applied to muscle, the game approach could
be exicpnded oubseguently to almost ell known forms of bivioe
gical movement,

For obvioug reasoms it is with muscle that we begin, Ad®e
nooinetriphosphate (ATP) has long ago been recognized as the
imnedlate source of energy for the perfornance of the work
of musclse, Retrospectively 1t appears puzzlirg that for a
conciderable lemgth of time no attempt hes been made to ine
ventigate tho nature of the interaction of ATP, as dearer
of potential chemical energy, with the contractile substance
of musgie, its structural proteins, The study of muscle ac-

tivity prosceded along two independent, completely separate
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lines, One of these lines was the study of the metabolic °
processes, wich finally provide the energy for muscular coat-
raction. The brilliant work of Meyerhof and Parnes, Joseph
and Doroty Needham, Carl and Gerty Cori, their teams, and
numerous other investigators had led to a detailed knowledge
of the metabolic processes in muscle, This knowledge appeared
almost exhaustive, and its main result wés the above-mentioned
recognition of the role of ATP in the energetics of muscle.

The other line of research was the study of muscle pro-
teins, Danilewsky in Russia, XKtthne in Cermany were among the
first to attack this fioeld. Of fundamental importance were
the investigations of Rdsall and Muralt, and of Weber abdbout
the properties of myosin, unanimously regarded as the predo-
minant component of the contractile mechanism of the muscle
fiber, Later the discovery of actin by Straudb was another sig-
nificant step in this field,

To everyone engaged in the study of muscle it has always
been evident that the work of muscle is the result of inter-
action befween low-molecular, crystalloid products of the
metabolic changes going on in muscle, with the macromolecular
protein substances which constitute the mechanical framework
of the muscle fibrill, its contractile mechanism, This state-
ment is almost a truism, Nevertheless, as already mentioned,
the two lines of study of muscular activity developed inde-
pendently, as if separated by a deep gep. The possidility of
overbridging this gap, of bringing the two lines of approach
to a close contact, arose from studies of enzymological cha-
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racter, The ;nzyma, adenosinetriphosphatase (the conventionel
name, ATPase will be uged) was found to represent the link
which connects the biochemical and the mechanical events, res-
ponsible for muscular contraction,

once this connecting link was revealed, it became possibdle
to speak of "me c hanoc hemistry" as a new sphere

of research, where mechanical and chemical phenomena are stu-
died in their mutual interrelations, under the different as-
pects, associated with the performance of mechanical work,

\ a8 during muscular contraction, or with the various other
forms of movement in biological objects,

ATPease is the enzyme which splits adenosinetriphosphate
and liberates the chemical energy, accumulated in its high-
energy (madroergic, as we call them) phosphete bonds, Thus
the motive force is furnished for the performance of mecha-
nical work, The study of this enzyme, which we undertook, in
collaboration with Dr Liubimova, led to the unexpected dis-
covery that the enzymatic activity belonged to myosim, the
protein which constitutes the basis or the contractile subs-
teance of muscle. On other words, the oontractile substances
catalises itself the reaction which yields the enrgy for the
contraction, )

The logical development of these studies was to investie
gate whether ATP, the substrate of the enzymatic adti%ity of
myosin, might not produce some changes of the physical proper=-
ties of myosin itself, and thus lead to the hcchanical effects,

associated with the processes of contraction or relaxetion,
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Experiments of thig kind were mmde alnest aimuitua@aumly
ia two different geographical poinis « im Man@w'@md iz Caqe
bridge, and the problem was attacked on different levels, our
g€roup in Moscow (Engelhardt, Liubimove and Meitina) used
racro-systems - myosin threads as models of muscle fibers,

The experiments of the Cambridge group (Joseph and Doroty
Neddham,Dainty, Kleinzeller, shi Chang-Shen and Lawrence)
wers on the molecular level - with myosin solutions., It is

on these two levels that the whole further research on the
biochomistry of muscular contraction, - or, as we¢ may call it,
on the mechanochemistry oI muscle and other objects, «proce-
eded and is sti]1 going on,

The results of the very first experimenta were clear-
cut and unambiguous, In both cases, in completely different
manners, profound changes of the physical properties of myosin
were observed under the influence of ATP,

In the experiments of the Cambridge group the effect
consisted in an 1nstanteneous~drop‘of viscosity of the pro=
tein solution, indicating profound changes of molecular shape
of the protein particles. This effect dsserves to be desig-
Rated in the beiochemical literaturé as the "Needham effectn,
because it is one of the most conspicuous effects in the
field of mechanochemistry, And has played a decisive role
in the study of muscle Proteins, for the discovery of actinm
in particular. on the other hand the éxperiments with myosin
threads initiated a series of.numerous lnvestigations in which

different kinds of "muscle models” were used, of increasing
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perfection and éomplexity: oriented or dehydrated (glyceri-
nated) myosin threads, glycerin.ted muscle fibrills or strips,
whole muscle preparations,

Two features of the mechanochemical machinery, as it

appears from the above-mentioned results, deserve to be

specially pointed out, First, the enzymatic nature of the
cortractile substance, and second - the reciprocal character
of the 1nteract16n of enzyme and sul:'strate in this case. The
fact that myosin, when reacting with ATP as its substrate not
only produces a change of the substrate (as all enzymes do),
but at the same time itself undergoes characteristice chauges
of its properties, promted Needham to propose the admirable
designation of myosin as a "contractile enzyme®™, And conse-
quently it became possible to regerd muscular contraction as
being "essentially an enzyme - substrate combination™, We now
may say that these results were due to lucky chance, namely,
that at that time the methods of fractionation and purifica-
tion of muscle proteins were not as elaborated as they are
now, In fact, with highly purified myosin the exberiments
would have been negative, for it is only when myosin 1s com-
bined with another substance (in muscle -« with the other pro=

tein, actin, in the form of' actomyosin) that directly obser-

- vable changes of physical properties are produccd by ATP,

When we "purify® myosin, separate it from actin, its
properties are changed: the catalytic activity remains un-
affected, myosin is still an enzyme, but the contractility

18 lost, myosin 1s no more a "contractile enzyme"™, This sta-
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tement should not be taken too rigorously. Soms of our own
observations, with Dr.Kafiani, when threads of compressed
surface-spread myosin monolayers, according to Hayashi, were
used, as well as unpublished results of Dr.,Cheeseman, iwn
London, who studied area /pressure diagrams of surrace'spread
myosin, both point to the possibility that even highly pu=-
-rified myosin, free of actin, still posseses a certain degree
of physical susceptibility towards ATP,But fhis question is
8till far from being settled/ and as it is of minor impor=
tance for the present disqussion, it can be left without
further consideration, and the terms *myosin® and "actomyoe
sin" will be used here in most cases indiscriminetely,
Evidently other tactors, as ror instance ionioc effrects,
also take part in the complex phenomena of muscular activity
or biological motility in general. But these are beyond the
scope ot the preseni discussion and their nature is rar from
being sufficiently understood. But apart from the engymoe
suhstraté type of reactions thers iz anothor importart kind
which must bes mentioned here, Whereas the enzyme=substrate
reactions represent interactioms of low-molecular substances
with macromolecular partners, the other type of reactiors,
which seem to play an important role in mechaenochemiocel
phenomena, are those where macromolecular compounda inte
eract with one another,The prototype of such reections has
already been mentioned - it 1s the reaction between myosin
and actin, the rormation and dissociation of actomyosin,

As will be shown later, there is already some evidence,that
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other sudbstances as well may form complexes with myosin,
influencing its properties in a manner which closely resembe
les the effect observed when myosin reacts with actin,

Returning to the purely enzymological side of the
problem, it must be stated, that the question whether myosin

1tself is the ATPase, or the enzyme 18 a separate entity, only
bound to the contractile protein has been discussed lively
and during a considerable lenght of time.‘The main objection
seemed to be based not om convinving expériméntal evidence
but rather on a precenceived opinion which could be shemati-
- cally formulated thus: "There 1s so mudh myosin in muscle
that 1t cannot be an‘enzyme". The logic of the argument is

or the same kind as if one would insist that haemoglobin
cannot be a catalytically aétivo protein because there is too
much haemoglobim in & blood cell, The verdict of time,that
most exacting judge in matters of science, has been decidedly
in favout of the identity of mjosin and ATPase, The evidence
has been of two kinds, preparative and functional,

All attempts to obtain preparatively frrom myosin some
I'rection where the enzymatic activity would be concentrated
end the other characteristic properties of myosimn (for
example its actinecombining property) would be absent, rave
Yailed, Taking into account the difficulties and limitations
or the yet available methods of tractionation and separation
of proteins, only positive results are decisive, The value
of negative results, that is of the railure to separate a

presumed mixture into its components are of very limited
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value, Therefore much more weight has to be attributed to less
direct, but in this case more relisble, functional evidence,
besed on the parallelism, or, on the contrary, independence of

the changes of the properties of the presumed separate compo«~
nents of a complex under as different conditions as possible,

Evidence of this kind is available, Trom different laborato-
ries,

Balley and Perry were the first to show &n almost exact
parallelism of the changes of ATPase activify and actine
binding property of myosin preparations treated with the
thiol poison, iodosobenzoate,

My collaborator, Dr larovaia, in the Moscow University,
carried out’similar‘experimenta, using a wider rangoe of face
tors, affecting thé enzymatic activity of myosin - heat de-
naturation, pretreatement at different pH, actiom of cadmium
and silver ions, An almost exactly identiocal behaviour of
enzymatic activity and of actin-binding property was found.
In the work of Mrs Venkstern in 6ur-1aboratory photochémical
changes of myosin have been studied, and here again a paral-
lelism between loss of enzymatic activity and decrease of
the actic-binding capacity was observed, |

It would be a very strained interpretation indeed to
regard this as a mere coincidence, and to asoribe to two

separate proteins such a completely identical behaviour to-

- ward so widely differing factors as temperature,p, thiol

poisons, photochemical action, The conclusion can only bo

drawn that both properties belong to one and the same pro-
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tein, It 18 for this protein, possessing the ATPase activity -
and the property to combine with actin that the name of m y -
0o 81 n 1in the strict sense of the word ghould be reserved,

Not only in the intact molecule of myosin, but even in
the primary products of its breakdown by a mild action cf

proteolytic enzymés, in the "meromyosins® of Andrew Szent-
Gybrgyi, both abovementioned properties continnue to be
associated with one and the same fraction, ,

The mechanochemical effect- changes of phySical‘prbperti-
es gndef the inrluénoe of ATP, ~ depends strictly on two con- /
/

ditions: the enzymatic activity must be maintained, and nyo- j

|

|
sin must be combined with a partner which 1mpafta the necessa- }
ry physical reactivity, In muscle the role of this partner {
belongs to actin, But under experiqpntal conditions asctin
appears not to be the only substance which can produce the

said effect, P

In suspensions of actomyosin gel or of finely dispersed @)ﬂlLu%“

muscle fibrils ATP produces a marked effect of syneresis: the ' L
3
particles shrink and when they are centrifuged the volume of ™,

the sediment is considerably reduced; actin-free myosin gel

suspension does not show this efrect.'But it has been shown \‘

£
2

by Ashmarin in Leningrad, that if mayosin 1s treated with
certain dyes, for instance congo-red, the compound ryosin-dye

behaves exactly in the same anner as does the complex myosin+

actin,

Synaeresis is not a phenomenon to which we could attri-

bute any signiricant role in the processes of muscular ace

-9 —

[}

Approved For Release 2008/11/25 : CIA-RDP80T00246A002700060002-4




Approved For Release 2008/11/25 : CIA-RDP80T00246A002700060002-4

tivity; and dyes are evidently far from being asgents of bio-
logical nature, Much more importance has therefore to be
attrituted to recent experiments of Dr,Vorobjev, one of my

former pupils, in Leningrad, By adding native, nonedepolime~
rized pucleic acid to a myosin solution, Vorobjev obtained

from such a mixturq threads (we may call them "nucleo-myoqin
threeds™) of considerable strength, which when extended by

e loed would contract anisodimentionally under the action of
added ATP, 1ifting the load and thus performing mechanical
work, This behaviour of the nucleo-myosin thread resembled
in all details that of glycerinated actomyos in threads ex-
tensively studied by Weber and his associates, The improtant
point is that the characteristic effect 1s observed only

as long as £he enzymatic,.ATPase activity of myosin remains
unimpaired. Myosin soluticns which have lost their ATPase
ectivity will not yield mechanochemically active threads,
Presence of calcium 1lons, whiéh are known to be indispensib-
le activators of ATPase 1s also necessary for the mechanoche-
micel effect; in presence of the chelating agent, EDTA (ethy-
lene-diaminotetraascetate) which removes Ca ions, the threads
do no more contract cn additicn of ATP{ on the contrary,
they begin to extend under the load, because now the plues-
tifying effect cf ATP, found by Weber, becomes apparent,

On addition of an excess of calcium, surpassing the molar
concentration of EDTA, the ATPase activity is restored,

end the thread begins again to contract om addition of ATP.

This demostrates unambiguously the fundamental role of the
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enzynatic property for the appearance of mechanochemical
reactivity, Certain facts, which will be mentioned a little
later, seem to indicate that the formation of nucleomyosin

is perheps not merely an experimental trick, but may actually
teke the place of actomyosin formation in cases where actin

is absent in a certain kind of cells,

The nature of muscular activity is a vast and extremely
multiform problem, where morphology and biochemistry, thermo-
dynamics and enzymélogy, energetics and colloid chemistfy
are closely interconnected, I have -~ admittedly arbitrarily,-
selected a few aspects among this multitude, and outlined
them in a most schemeatic way, Muscle is the object, in which
l1iving Nature has reached the utmost perfection in the trans-
formation of chemical energy into mechanical work and mowee
ment, But motility is one of the fundamental, most universal’
manifestations of life, Its forms are very diversified: pure=-
ly protoplasmic flow, as observed in myzomycetes; ameboid
movement; intracellular movement during mitosis; movement
«f spirillee, flagellate bacteria, protozoe, animal and
plant sperm cells; eventually rapid movement is observed in
higher plants, for example in insectivorous species of Nimosa
budica; end Iinally in the enimal kingdom all the diversity
of muscular movement, from the very slow motion of plain
nuscles to the enormous velocity in an insect wing,

The question can be raised: Nature elaborated completely
different fundamental mechanisms to produce each of these

very different forms of motion? Or are all these forms of
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movement based on some common, olementary principles? At first
sight it may appear hardly probable that such profoundly dif-
ferent types of motion, as for example flaggelar and muscular,
have enything in common from the biochemical point of view,
But it is exactly in the field of biochemistry that the idea
becomes more and more evident that elements of far-reaching
uﬁity are. encountered along with the almost boundless di-
versity of living forms. Throughout the animate kingdom, to
'its very extremes, from a bacterial cell to the brain tissue
of man, we find oporéting fundementally identical metabolie
meqhanisna. sueh for example as that of cellular respiration,
with all 1ts'complioatod system of enzymes and coenzymes, in-
tricate cyclic reaction sequences, extrsmely refined accompa=-
nying phenomena responsibdble for the accumuletion of energy

of oxydative processes in the form of high energy phoesphate
compounds, and so on. '

If this "unity among diversity® is firmly established 1in
the field of biochemical dynamics, it 1s not unreasonable to
expect that the same principle can be encountered in the
field of biological kinematics, in the scmse that all the
diverse forms of biological motility have similar, common
to all of them, fundamental biochemicel mechanisms, During
the last decade considerable experimentel evidence in favour
of this assumption has accumuleted, and it is intended to
give here a drief review of it,

But first it will be necessary to summarize the crite-

ria which can help us to decide whether similar mechanisme
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to the on& of mﬁscular contraction are involved 1n 'the othér
forms of motility,

Schematically these criteria are the following:

1) Analytical demonstration of ATP in the motile objects,
and cessation of movement as soon as the store of ATP 18 ex-
hausted, |

2) Demonstration of the presence of proteins, with pro=
perties resembling those of the "classical®™ contractile subs-
tance, neamely myosin or actomyosin. The properties to be
looked for would be: a)susceptibility to physical changes
(viscosity.biregiingence) under the influence of ATP;

b) contraction effects produced by ATP

¢) ATPase properties of the protein.

3) Demonstration of kineiatic effects, produced by the
applicetion of ATP from the outside to tne objects in their
native state or after mild treatement fifjberination)

4) Demonstration of the presence of a sufficiently high
ATPase activity, and correspondence of the level of activity
with the motile efficiency, |

Obviously, these different criteria are not equally reli-
able, especially when taken separately. The conclusions be-
come much more definite, 1if several independent criteria can
be aatisfigd.

With these considerations in mind, the guestion can be
discussed now, what experimental evidence is available, con-
cerning the vasic principles which govern the function of
motility in the different biological objects,
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Spermatozoa have been the object of our studies carried
out in collaboraticn with Dr.Burnasheva (some of the earlier

result have been trierly mentioned in e review article in
the "Advances in enzymology)., The sperm cells contain appre-

ciable\amounts of ATP, Under favourable conditions (eerobio-
sis, presence of glucose) the ATP level remains constant over
long periods. If the cells are deprived or glucose and their
respiration is stopped by removal of oxygen or by cyanide
poisoning, & steady decrease of the ATP content 1s observed,
end at the same time the motility falls,As scon as the ATP
store 1s exhausted ths cells become motionless, When normal
conditions are restored, ATP is synthetized in tre cells, and
at the same time motility reappears,

By treating sperm cells with solvents, used for the
extraction of myosin from muscles, a protein preperation has
teen obteined, which resembled in ceveral respects myosin,
The protein, tor which the name "sperrosin® was propdsedB has
similar with myosin solubility properties, and possesses
an epvreciable ATPase activity,

Burnasheva suvceded in an elegant way to dermonstrate
that both spermosine and the ATPase activity are localized
in the motile pert of the sperm cell; in its tail, By expos-
Jng spermatozoa to cerefully controlled mechanical treatment
in a blendor it has been pos 1ble to dissect the cells,prsak
off the tails from the nucleus~carrying head of the sperm,
The two fracticns can readily be separated by diffe e 25

centrifugation. It was the motile part of the sperm rcii,

e 1 -
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the tail, which contained practically the whole ATPase ac~
tivity found in the intact cells, and spermosine could be
obtained from this same fraction,
| Attempts to obtain some kind of mechanochemical effects
i with spermosin, as they are shown by actomyosin, were at
i first unsuccessful, But the following experiment permitted
to obtain a positive result in this respect also, As already
mentioned; myosin, as such, when free of actin, does not
show the properties which we deéignated as mechanochemical
reactivity: changes of physical properties under the influene
ce of thé.energy-bearing metabolic product, ATP, This reac=-
tivity appears only when myosin is combined with a certain
partner « actin in nuscle, a dye in Ashmarin's éxperiments, :
nuocleic acid in those of Vorobjev, From sperm cells no pro= !
tein with the properties of actin could be isolated, and K
the negative results mentioned might have been due to the
absence of such an necessary partner for the spermosine
1solated from the cells. Now Ivanov in Moscow has shown very
clearly that the reaction between myosin end actin is compe o /
letely devoid of species specificity: myosin from one source -;",
¥ill react in exectly normal manner with actins preééréadgggga
different animal species, Taking in consideration this
lack of specificity of the contractile proteins, Burnasheva
examined the possibility of combining spermosin with actin

- prepared from muscle,

,¢id;§\ The results almost exceeded our expectations, addition
Y

- _Jif actin to the spermosin solution resulted in a consider=

e
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able increase of viscosity, of the same order as observea
in an experiment with myosin. When ATP is added to this mixe
ture, there is an abrupt drop of viscosity, again exa;tly
in the same manner, as observed in experiments with myosin,
It 1s evident that spermosin forms a complex with actin,
Just as hctomyosin is formed from myosin and actin, We may
call this complex “acto-spermosin®, in analogy with acto-
myosin,

No enswer is so far available to the question- what subs-
tance takes the place of actin in the sperm cell to torm the
mechanochemically reactive complex with spermosin, The alrea-
dy mentioned eiperiments of Vorobjev with nucleic acid suggest
one possible answer to this question, The sperm cell is ext-
remely rich in nucleic acid,., Would not a part of it be used
in the cell not as carrier of hereditary information, bdut
@s a component of the chemical machinery of the motor appera-
tus of the cell? But here we have to wait for furhter ex-
perimental results,

Attempts to restore the motility of spermatozoa which
had become motionless because of the exhaustion of the ATP
reserves ol the cell by supplying ATP from the outside, in
the surrounding medium, remained unsuccessful, In experiments
of this kind only positive results are 6f value, as negative
ones may be due to the impermeability of the cell to the
energy-beering nucleotide,

Thlis explanation of the negative resulte of our experi-

ments 1s supported by observations on other types of iiving
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objects, possessing flagellar motion, as carried out by

~ Weber and his associates. They used flagellated protozoa, /%j

t{zgggg;nmas, and gliant sperm cells of the grashopper. The i

material was treated with carefully selected concentrations ]
of glycerol, This treatement removed low-molecular substances I
and water-soluble proteins, whereas the structural proteins,

responsible for the movement of the flagella, being in the

gel state, remained undissolved. At the same time the permea-

bility of the surface layers is profoundly changed, so that
the contractile mechanism becomes easily accessible to ATP, /
applied from outside. Sich preparations, designated as ’}
"flagellar models", perform regular movements when ATP is ap- K}/
plied, even in the case when the flagella are broken off from

the body of the cell, As a pretreatement with glycerine was
necoesary to obtain this etfect, it may be concluded that the
negative result in our experiments was actually due to the

presence of a permeability barrier, which prevented the access

of ATP to the essential parts of the contractile apparatus of
the flagellae,

—

Summarizing the results obtained in the study of flagge-
lar movement, it can be stated that in this case almost all
of the criteria enumerated above are satisfactorily met,
A fer-going similarity of the bvasic enzymatic and mechanoche-
mical factors of this type of motility and that of muscular
contraction may be regarded as ri&mly established,

Even the most primitive form of biological movement, namew

ly the flow of protoplasm in myxomycetes displays certain

—_ 17 —
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features in common with muscular motion, Fibrillar protein,
resembling in properties myosin, has been described in these
oréanisms, and ATP is involved in the processes of protoplas-
mic flow. Of great interest are the contribution ot Weber's
group, 1in which different forms of cellular movement have been
extensively studied, A@gggiq movement, contraction of fibro-
blasts, and even the most»refined processes of displacements
of the chromosomal apparatus during the mitotic cycle have
been shown in these investigations to be in mény respects
closely similar to muscular contraction, although the veloci-
ty differs by about three orders, Preparations of contractile
proteins have been obtained from motile cells, by methods
similar to those used for the isoclation of myosin from muscle.
These proteins resembled actomyosin, as their viscosgity de-
creased after addition of ATP, and they possessed ATPase ac-
tivity; in gel form the proteins contracted when trested with
ATP, lMoreover, glycerinated "cellular models® have been pre-
pared, which reacted by specific transformetions on addition
of ATP The authors advanced the view, that from these primiti-
ve Troms of biological motion the highly specialized wmuscular

mechanism hes been developed in the course of evolution,

Finelly I will venture to make a step still further, and
leaving objects o animal origin, mentiorn the observations of
my colleborator, Poglasov, who experimented with higher plants,

Here only one of the criteria which I mentioned has bean =: ®4r

followed up, namely the distribution of ATPase activity v =. -

In
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examined in a variety of plants, possesing motility and devoid
of this property,

:hkb;“¢‘¢« It was found that the leaves of Mimosa pudica posses a

-""—Eiéh ATPase activity.Towards autumn or when kept in unfavoure

able conditions in the.laboratory the plants gradually loose
their motor reaction - the rapid folding of leaves when touched,
and this was accompanied by a marked decrease, sometimes almost
complete disappearance, of the enzymatic activity, Numerous
other plants that have been investigated, which do not possess
the motile function,exhibited very low, often scarcely detec-
table ATPase activity of the leaves., Even closely related
species, such as Acaoia,belonging to the same femily, had harde
ly perceptible activity, Only in one variety, which did not
display mobility, an appreciable ATPase activity of the leaves
was found, but still consirably less tHan that observed in
Mimosa pudica, Perhaps we havé to deal here with a kind of
rudiment, in the sense that the enzymatic activity has rgmai-
ned while some other link of the motility mechanism was al-
ready lost,

Attempts to isolate some specific protein frog m}mosa
leaves, which could be regarded as responsible for the motile
functidén, ~ some hypothetical "mimosin", -~ have so far falled,
This 1s not ‘:fonishing, as the extraction of proteins in
their native state from leaf material is known to be a diffie.

cult task, often hardly possible at all and usually involving
rather drastiec treatement; and one of the most characteris-

tic properties of contractile proteins, at least those of

animal origin, 1s their extreme lability,
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We clearly realize that the information obtained on
Plant material is as yet very poor.,Perheps I may close
my lecture with an invitation to our oolleagues living in
wvarmer countries, and having at their disposal a much more
numerous and more readily accessible choice of vegotable —
obJects, to underteke corresponding experiments, Perhaps

the idea of ®"unity among diversity" could thus obtain

further support,
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